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In the molecule of the title compound, C16H14O5, all non-H 
atoms are approximately co-planar [maximum atomic devia- 
tion = 0.064 (5) A]. The hydroxy group is a hydrogen-bond 
donor to a carbonyl O atom. Weak intermolecular C— H- ■ O 
hydrogen bonding is present in the crystal structure. The 
crystal structure is 'whole-molecule disordered' about an axis 
that runs approximately along the length of the molecule; the 
occupancy of the two disorder components was set as exactly 
0.5. An intramolecular O — -H- ■ O hydrogen bond exists in 
each component. 

Related literature 

For the spectroscopic characterization of linderone and 
methyl linderone isolated from Lindera pipericarpa, see: 
Kiang et al. (1962). For the crystal structure of methyl 
linderone isolated from Lindera poliantha, see: Syah et al. 
(2005). 
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Experimental 

Crystal data 

C16H14O5 
M, = 286.27 
Monoclinic, P2i/n 
a = 7.3195 (5) A 
b = 9.8635 (7) A 
c = 18.6724 (11) A 
= 96.586 (6)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
Tn,in = 0.979, r„,„< = 0.990 

Refinement 

R[F^ > 2a(F^)] = 0.068 

wR{F^) = 0.190 

5 = 1.05 

2369 reflections 

308 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1339.17 (15) A" 
Z = 4 

Mo Ka radiation 
/X = 0.11 mm^' 
r = 100 K 

0.20 X 0.20 X 0.10 mm 



8436 measured reflections 
2369 independent reflections 
1965 reflections with / > 2a(l) 
Ri„, = 0.032 



30 restraints 

H-atom parameters constrained 
Ap„ax = 0.56 e A"' 
Ap„i„ = -0.34 e A"' 



D-H- - A 


D-H 


H-A 


D---A 


D-H- - A 


01-H1-02 


0.84 


1.93 


2.600 (5) 


136 


01'-Hl'-02' 


0.84 


1.97 


2.623 (4) 


134 


C2-H2- ■ 02' 


0.95 


2.26 


3.091 (8) 


145 


C16'-H16D-Ol"' 


0.98 


2.05 


2.885 (11) 


142 



Symmetry codes: (i) x, y + 1, (ii) .x,y — 1, z. 

Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
X-SEED (Barbour, 2001); software used to prepare material for 
publication: publCIF (Westrip, 2010). 

This work was carried under the aegis of a University of 
Malaya-CNRS (France) collaborative framework. We thank 
the University of Malaya (grant No. RG045/11BIO) for 
financial support. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: XU5217). 
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Whole-molecule disordered (£')-2-(l-hydroxy-3-phenylprop-2-eii-l-ylidene)-4,5-dimethoxycyclo- 
peiit-4-ene-l,3-dione isolated from Lindera oxyphylla (Lauraceae) 

M, Hosseinzadeh, M, R, Mukhtar, J, Mohamad, K, Awang and S. W. Ng 
Comment 

Linderone (Scheme I) was isolated from Lindera pipericarpa and its fomulation was established by solution 1//-NMR 
spectrocopy (Kiang et al, 1962) nearly 50 years ago. This plant genus also yields methyl linderone, which differs from 
linderone in having a methyl group in place of the hydroxy H atom. Methyl linderone, isolated from Lindera poliantha, 
exists as a planar molecule (Syah et al, 2005). Linderone is similarly a planar molecule; however, the molecule is 'whole- 
molecule' disordered (Fig. 1) about an axis that runs approximately along the length of the flat molecule. The three-atom 
chain connecting the five-membered and six-membered rings exists in an ii-configuration; the hydroxy group is hydrogen- 
bond donor to the carbonyl O atom. 

Experimental 

Lindera oxyphylla (Lauraceae) was collected from Ulu Muda, Baling, Kedah, Malaysia. Some 4 kg of dried and ground 
bark of Lindera oxyphylla were extracted with hexane ( 1 0 i) for 3 days. The hexane extract was concentrated under reduced 
pressure to give a crude material (13 g). This was subjected to column chromatography on silica gel-60 (2 x 75 cm, 70-230 
mesh ASTM) by using a step gradient of hexane and dichloromethane. The separation afforded 30 fractions; fractions 22-30 
were purified by using dichloromethane-methanol (98:2) to yield {E)- 2-(l-hydroxy-3-phenyl-2-propen-l-ylidene)-4,5-di- 
methoxy-4-cyclopentene-l,3-dione. Its formulation was established by solution NMR specfroscopic analysis. Deep yellow 
prisms were obtained upon recrystallization from dichloromethane. 

Refinement 

Carbon- and oxygen-bound H-atoms were placed in calculated positions [C — H 0.95 to 0.98. 0-H 0.84 A, (7iso(H) 1.2 to 

1.5C/eq(C,0)], and were included in the refinement in the riding model approximation. An sp -type of hybridization was 
assumed for the hydroxy H atom. 

The crystal structure is a 'whole-molecule disordered' crystal structure. As the occupancy refined to near 1:1, the occu- 
pancy of the two disorder components was set as exactly 0.5. 

The phenyl ring was refined as a rigid hexagon of 1.39 A sides and the five-membered ring a rigid pentagon of 1.42 A 
sides. The temperature factors of the atoms constituting the five-membered ring were set to those of the umprimed ones, 
and the anisotropic temperature factors were restrained to be nearly isofropic. 

The extinction was refined; although the value is small, its refinement improved the refinement somewhat. 

The crystal used for the measurements was a twinned crystal of low mosaicity; fortunately, the presence of the minor 
twin component did not affect the diffraction intensities of the major component only the diffraction intensities of the major 
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component were integrated. On the other hand, the simuhaneous integration of both components lead to a less satisfactory 
refinement. Other crystals were also measured but these demonstrated varying mosaicities and degrees of twinning (from 0 
to 50%), and neither were the refinements improved by the use of copper radiation in place of molybdenum radiation. 



Figures 

Fig. 1. Thermal ellipsoid plot (Barbour, 2001) of one of the whole-molcule disordered com- 
ponents of C16H14O5 at the 70% probabihty level; hydrogen atoms are drawn as spheres of 
arbitrary radius. 



(f)-2-(1 -hydroxy-3-phenylprop-2-en-1 -ylidene)-4,5-dimethoxycyclopent- 4-ene-1 ,3-dione 




Crystal data 
C16H14O5 
M,- = 286.27 
Monoclinic, P2i/n 
Hall symbol: -P 2yii 
0 = 7.3195 (5) A 
Z) = 9.8635 (7) A 
c= 18.6724(11) A 
P = 96.586 (6)° 

V= 1339.17(15) A^ 
Z = 4 



^■(000) = 600 

Dx= 1.420 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4706 reflections 

6 = 2.2-25.0° 

|i = 0.1 1 mm ' 

T= 100 K 

Prism, yellow 

0.20 x 0.20 x 0.10 mm 



Data collection 



Agilent SuperNova Dual 

diffractometer with an Atlas detector 

Radiation source: SuperNova (Mo) X-ray Source 

Mirror 

Detector resolution: 10.4041 pixels mm"' 
CO scans 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
r™„ = 0.979, rn.ax = 0.990 
8436 measured reflections 



2369 independent reflections 

1965 reflections with / > 2a(/) 
i?i,it = 0.032 



= 7 7° 



h = -8^8 
A: = -11^10 
/ = -22->22 



Refinement 
Refinement on F 
Least-squares matrix: full 

R[F^ > 2a{F^)] = 0.068 
wi?(^'^) = 0.190 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w= V[o\Fo^) + {O.OmPf + 1.2962P] 
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where P = (Fo^ + 2FcV3 
5=1.05 (A/a)max = 0.001 

2369 reflections Ap^ax = 0 . 5 6 e A"^ 

308 parameters Ap^in = -0. 34 e A"^ 



30 restraints 

Primary atom site location: structure-invariant direct 
methods 



Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(2e)]"^''^ 

Extinction coefficient: 0.0014 (11) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Occ. (<1) 


01 


0.1902 (5) 


0.2129 (4) 


0.58692 (19) 


0.0387 (8) 


0.50 


HI 


0.1994 


0.1894 


0.5793 


0.058* 


0.50 


02 


0.2649 (5) 


0.0774 (4) 


0.50156 (19) 


0.0417 (9) 


0.50 


03 


0.3802 (5) 


0.0354 (4) 


0.3530 (2) 


0.0405 (9) 


0.50 


04 


0.4003 (4) 


0.3167 (3) 


0.29148 (16) 


0.0326 (8) 


0.50 


05 


0.3180(4) 


0.5067 (4) 


0.39499 (17) 


0.0341 (8) 


0.50 


CI 


0.1608 (5) 


0.7931 (7) 


0.6029 (2) 


0.0322 (14) 


0.50 


Hla 


0.1943 


0.7828 


0.5555 


0.039* 


0.50 


C2 


0.1349(12) 


0.9219(5) 


0.6302 (4) 


0.038 (2) 


0.50 


H2 


0.1507 


0.9996 


0.6015 


0.046* 


0.50 


C3 


0.0859 (18) 


0.9370 (5) 


0.6995 (5) 


0.031 (3) 


0.50 


H3 


0.0682 


1.0250 


0.7182 


0.037* 


0.50 


C4 


0.0629 (17) 


0.8233 (7) 


0.7415 (3) 


0.033 (3) 


0.50 


H4 


0.0294 


0.8336 


0.7889 


0.040* 


0.50 


C5 


0.0888 (9) 


0.6945 (6) 


0.7142 (3) 


0.0282 (16) 


0.50 


H5 


0.0730 


0.6168 


0.7429 


0.034* 


0.50 


C6 


0.1377 (5) 


0.6794 (5) 


0.6449 (3) 


0.0245 (16) 


0.50 


C7 


0.1602 (6) 


0.5419 (5) 


0.6182 (2) 


0.0302 (10) 


0.50 


H7 


0.1380 


0.4705 


0.6503 


0.036* 


0.50 


C8 


0.2094(11) 


0.5036 (8) 


0.5527 (4) 


0.0241 (15) 


0.50 


H8 


0.2331 


0.5701 


0.5182 


0.029* 


0.50 


C9 


0.2249 (6) 


0.3619 (5) 


0.5364 (2) 


0.0284(10) 


0.50 


CIO 


0.2768 (5) 


0.3111 (4) 


0.47099 (16) 


0.0217(10) 


0.50 


Cll 


0.2933 (6) 


0.1698 (3) 


0.45873 (17) 


0.0324(11) 


0.50 


C12 


0.3440 (6) 


0.1517 (3) 


0.38819 (19) 


0.0183 (11) 


0.50 


C13 


0.3588 (5) 


0.2819 (4) 


0.35685 (14) 


0.0219 (9) 


0.50 


C14 


0.3172 (5) 


0.3804 (2) 


0.4080 (2) 


0.0254 (8) 


0.50 


C15 


0.3509 (17) 


-0.0907(11) 


0.3878 (5) 


0.051 (2) 


0.50 


H15A 


0.3823 


-0.1658 


0.3571 


0.077* 


0.50 


H15B 


0.2215 


-0.0980 


0.3962 


0.077* 


0.50 


H15C 


0.4289 


-0.0947 


0.4341 


0.077* 


0.50 


C16 


0.4447 (17) 


0.2108 (10) 


0.2420 (6) 


0.032 (2) 


0.50 


H16A 


0.4725 


0.2520 


0.1968 


0.049* 


0.50 


H16B 


0.3396 


0.1494 


0.2323 


0.049* 


0.50 


H16C 


0.5519 


0.1597 


0.2637 


0.049* 


0.50 


or 


0.3120(4) 


0.6031 (3) 


0.42276(16) 


0.0284 (7) 


0.50 
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U.UZV [Z ) 


A AAyi 0 ^^ A\ 

U.UU4Z (,14J 


A AAl 0 ^^ A\ 

\}.\J\)iZ (14j 


A AAQA /"l 7\ 

u.uuyu [ i- / ) 




A rinn 
U.U 1 1 \P) 


A AOT //l^ 


A AC7 fn\ 
U.U J / (,/ j 


A AAQ 

U.UUcS ) 


A AO/1 

U.UZ4 {J ) 


A AA/; //lA 

U.UUo yH) 




A A4Q 


A A-5 >1 /C\ 

U.U34 (^Dj 


A Al T /''5\ 

U.Ul f \j) 


_A Al 1 rri\ 
U.Ul i- \j) 


A Al 1 /"5\ 

U.Ul 1 yj ) 


_A Al 0 

U.UIZ (^j j 


Ui 


U.U4Z4 (i-o) 


A A') 1 C /I 7\ 

U.UZl J (,1 /J 


A Aon f'l 
U.UZ33 1 Jj 


A AAAO 

U.UUUo [i-j) 


A A 1 1 /; /1 
U.U 110 [i-j) 


A AA 1 /; /l 

U.UUlo (1 jj 


MO* 


A AI^O / ITA 

U.U3 JO (, /j 


A Al A 1 /'I 0\ 

U.U3U1 (,loJ 


A AO 1 A 1 C\ 

U.UZlU {IJ) 


A AA 1 A 1 '2\ 

— u.uuiy (i3j 


A AAO/i 1 0\ 

U.UUoD (Izj 


A AAAfl ^] 1\ 

— u.uuuy (1 jj 




A Aao/i Q\ 


A AQ 11 /l Q'i 

U.Uj 11 vloj 


A noon ^^ 
U.UZZU (lOJ 


A AA/1 0 /I /l^ 

U.UU4Z (14J 


A AAQQ /l a\ 

U.UUVo (1 jj 


A AAT C /"l C\ 

U.UUj J (,1 jj 


r\A'' 


U.UjD (Z) 


A A0 11 /"I 

U.UZjj (,1 ' J 


A AOQI /"lO^ 

U.UZyj (,1 /J 


A AAO^ /"I 

U.UUZj (^ID ) 


A AAOO /"I 

u.uuy/ (,1 jj 


_A AA/;o /"I 
U.UUOy yi-O) 




A ACQ /">\ 


u.uzy4 (^lyj 


A Aon^ ^^ '7^ 
U.UZUj [i-/) 


_A AAA'S /l <\ 

U.UUUj yi-J) 


A Al 7Q /i /;\ 

U.Ul /o (lOJ 


A Anon /"I 
u.uuzu yij) 


Ci 


A AOQ 

u.uzy (^z J 


A AO 1 

U.Uzl {5} 


A AOI /'3\ 

U.Uz J (J J 


A AAa i'o^ 
U.UUJ {Z) 


A Al 1 /7\ 

U.U 11 {Z) 


A AAl /'3\ 

U.UUJ yj) 




A A-^A /"l^ 


A ATC 

U.UjJ (4J 


A A0>1 M"\ 

U.UZ4 (^4J 


_A AAl /"O^ 

U.UUl yZ) 


A AAQ 

U.UUy yj ) 


_A AAO 

u.uuy yj ) 




v.vZo (j ) 


A AOQ 

U.UZo (j) 


U.U JO (H) 


_A AAO 

U.UUZ {^j ) 


A AAO 

U.UUZ (^j J 


_A Al 0 

U.UIZ (4J 


L>+ 


A AT/; /CA 


A AO/; 


U.U J J [o ) 


A AA 1 /"3\ 

U.UU 1 (, J J 


A AflO ('^\ 

U.UUZ [J ) 


n nil f'/i ^ 

U.Ul 3 (^4 J 




A ATQ /"3\ 


A AOQ /"^^ 


A AO^ 

U.UZ J ) 


A AAA 

U.UUU {^j) 


A AAC /O^ 

U.UU J (^ZJ 


n nn/1 
U.UU4 (j ) 




V.VZV {Z ) 


A A01 /'4^ 

U.UZ J (^4J 


A Al Q /"5\ 

U.U lo \ J ) 


_A AAO 


A AAl /"O^ 

U.UU J (^ZJ 


A AA/; 

U.UUO yj) 




A AO A /0"\ 
U.UZU (^Z J 


A AO^ /"O^ 

U.UZ J (ZJ 


A AO 1 /"O^ 
U.UZl (^ZJ 


_A AA ^ A 

U.UU14 yio) 


A AACI /I /;"\ 
U.UUjj (,10j 


A AAIO /"I O^ 

U.UUjZ yl /) 




U.UZ / (, J J 


A Al Q //IX 

U.UlcS \h) 


A AO/; //i^ 

U.UZo (^4J 


A AA 1 

U.UUl \j) 


A AAl f'O^ 

U.UU3 (Z ) 


n n^io /o^ 

U.UU / yZ) 




A Al 'I'l /I Q\ 


A AO^ /O^ 

U.UZ J f^Z) 


A noT /"o^ 
U.UZ J (Z ) 


A AA 11 / 1 /;\ 

U.UUl 1 (loj 


A AAAO /I 

yj.yjyjyjZ yi-O) 


n nnnA /i n\ 
\j.\j\j\JO yi- / ) 




A AO 44 /"I ^^ 


A AOO /"O^ 

U.UZZ {^Z) 


A Al O /"O^ 

u.uiy (^zj 


A AAAI /I O^ 

U.UUUJ yi- / ) 


A AAylO /"I 


A AACO /"I C"\ 

u.uujy v^oj 


cir 


A AT A /'^\ 

(J.Uj4 (z) 


A Al 1 

{j.{j55 {2} 


A A1A 

U.U3U (Z) 


A AA IT / 1 0^ 

U.UUIj (lo) 


A AATl /■ 1 '7\ 

U.UUzj (1 /) 


A A 1 1 A /I A\ 

-U.Ul 19 (19) 


C12' 


0.0202 (12) 


0.015 (2) 


0.0199(18) 


-0.0023 (15) 


0.0056 (12) 


0.0068 (19) 


C13' 


0.0227(16) 


0.0248(19) 


0.0181 (17) 


-0.0019(14) 


0.0022(14) 


0.0051 (16) 


C14' 


0.0220(16) 


0.0245 (19) 


0.029 (2) 


-0.0042 (14) 


-0.0012 (14) 


0.0090(17) 


C15' 


0.025 (4) 


0.042 (6) 


0.035 (4) 


0.000 (4) 


0.011 (3) 


-0.010 (4) 


C16' 


0.101 (8) 


0.021 (4) 


0.041 (6) 


0.001 (4) 


0.017(4) 


-0.011 (4) 



Geometric parameters (A, °) 



Ol— C9 


1.334 (6) 


or— C9' 


1.347 (5) 


01— HI 


0.8400 


01'— HI' 


0.8400 


02— Cll 


1.246(4) 


02'— Cll' 


1.252 (4) 


03— C12 


1.364 (4) 


03'— C12' 


1.373 (4) 


03— C15 


1.431 (10) 


03'— C15' 


1.434(11) 


04— C13 


1.336 (4) 


04'— CI 3' 


1.342 (4) 


04— C16 


1.455 (11) 


04'— C16' 


1.449 (10) 


05— C14 


1.269 (4) 


05'— C14' 


1.247(4) 


CI— C2 


1.3900 


CI'— C2' 


1.3900 


CI— C6 


1.3900 


cr— C6' 


1.3900 


CI— HIA 


0.9500 


Cl'— Hl'A 


0.9500 


C2— C3 


1.3900 


C2'— C3' 


1.3900 


C2— H2 


0.9500 


C2'— H2' 


0.9500 


C3— C4 


1.3900 


C3'— C4' 


1.3900 
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C3 — rli 


A nCAA 


LA — L-j 


1 lOAA 


LA — M4 


A ACAA 


L-J — L-O 


1 -5 AAA 


Cj — tlj 


A ACAA 


Lfy — U / 


1 /I <^ A ( iy\ 

1 .4oU (O J 


C/ — Co 


1 "iiCT /I A\ 

i.iO/ (iUj 


C/ — M/ 


A ACAA 


Co — CV 


1 All A\ 

1.43 / (lUj 


Co — Ho 


A ACAA 


Cy — ClU 


1 /111 

1.41Z (5) 


ClU — CI 1 


1 /I OAA 

1.4zUU 


C 1 U — C 1 4 


1 /I ")AA 

1.4zUU 


CI 1 — ClZ 


1 /I TAA 

1 .4ZUU 


Clz — Cli 


1 /IIAA 


Clo — C14 


1 A TAA 

1.4ZUU 






C15 — ^H15B 


0.9800 


C15 — ^H15C 


0.9800 


C16 — H16A 


0.9800 


C16 — ^H16B 


0.9800 


C16 — ^H16C 


0.9800 


r^c\ XJ1 
cy — Ul — ^nl 


1 OA A 


CI/ — Oi — CO 


117.7 (5) 


CI J — U4 — CIO 


1 1 n 1 

iiy. 1 pj 


C2 — CI — Co 


1 A 

izU.U 


XJ1 A 

Cz — CI — HiA 


1 OA A 


Co — C 1 — n 1 A 


1 TA A 

IzU.U 


/"'I r^i 
CI — Cz — CJ 


1 TA A 


XJ1 

CI — Cz — nl 


1 1A A 


r^i /^o xjo 
Cj — Cz — sxl 


1 OA A 


r^A t^i r^'^ 
C4 — C3 — Cz 


1 TA A 

IzU.U 


t~^A t~^1 \J1 

C4 — CJ — rii 


1 TA A 


r^'y XT'! 

Cz — Ci — Hi 


1 1A A 


/^i 

Cj — C^l — CJ 


1 OA A 

IzU.U 


/^c 

Cj — C^l — rl4 


1 ">A A 

IzU.U 


r^A \J A 

Cj — C4 rl4 


1 TA A 


C4 — CD — Co 


1 1A A 


r^A f^z \jz 
C4 — Cj — rlj 


1 TA A 


f^Z TUC 

Co — Cj — HD 


1 TA A 


r^z r^a 

CD — Co — CI 


1 OA A 


r^z c^i^ r^n 
CD — CO — C / 


ii /.y p ) 


/"'I f^ii r^n 
CI — Co — C/ 


1 T> 1 /CA 
IZZ.l (D) 


C8— C7— C6 


127.8 (5) 


C8— C7— H7 


116.1 


C6— C7— H7 


116.1 


C7— C8— C9 


119.6(6) 


C7— C8— H8 


120.2 


C9— C8— H8 


120.2 



C-5 — JrlJ 


A ACAA 

U.VjUU 


C4 — Cj 


1 lOAA 


C4 — ri4 


A ACAA 


Cj — Co 


1 -5 AAA 


Cj — rij 


A ACAA 

u.yjuu 


Co — C / 


1 Ani 
1 .4 15 \p ) 


C/ — Co 


1 ^'^ A\ 
I.JZO (lU) 


C/ — M/ 


A ACAA 


Co — CV 


1 /I "3 O / 1 fW 

1.43o (lUj 


/"lOI TT01 

Co — Ho 


A ACAA 


/^A' 1 A' 

cy — ClU 


1 Af\A /C\ 

1 .4U4 ( J ) 


/"^ 1 A' 1 1 • 

ClU — CI 1 


1 A O AA 

1 .4ZUU 


1 A' 1 /I ' 

ClU — C14 


1 /I ")AA 

1 .4ZUU 


CI 1 — ClZ 


1 /I TAA 

1 .4ZUU 


ClZ — Cli 


1 /IIAA 

1 .4zUU 


Cli — C14 


1 A TAA 

1 .4ZUU 


PIS' Hisn 


0 QROO 

v.!?Ovv 


C15' — ^H15E 


0.9800 


C15' — ^H15F 


0.9800 


C16' — H16D 


0.9800 


C16' — ^H16E 


0.9800 


C16' — ^H16F 


0.9800 


/~^At r\t 1 TT1 t 

cy — or — Ml 


1 OA A 

120.0 


/"'IT /^T /^1C 

Clz — Uj — CI J 


1 1 O A /C\ 

lls.U (5) 


CI J — (J4 — ClO 


line / z\ 

iiy.D pj 


/^Ot /^1t /^iCt 

Cz — CI — Co 


1 OA A 


/^Ot XJ1 1 A 

Cz — CI — Hi A 


1 OA A 


Co — C 1 — rl 1 A 


1 OA A 

IzU.U 


C J — Cz — C 1 


1 OA A 


/^H /^T XJT 

C j — Cz — tll 


1 OA A 


XJOt 

CI — Cz — riz 


1 OA A 


/^T /^"J' 

Cz — C J — C4 


1 OA A 

IzU.U 


T_rT 

Cz — C J — tli 


1 OA A 

IzU.U 


r^A^ xjn 
C4 — C 3 — Hi 


1 OA A 


/^z' r^A' r^T 
Cj — C4 — Ci 


1 OA A 


r^z' r^A' \JA' 
C J — C4 — Jrl4 


1 OA A 

IzU.U 


/^T r^A^ 

C J — C4 — Jrl4 


1 OA A 


r^A^ /^c /^iC' 
C4 — CD — Co 


1 OA A 


r^A^ /^c uc 
C4 — C J — Hi 


1 OA A 


t~^£.^ TU^' 

Co — CD — HD 


1 OA A 


/^Ct /^iCt 

CD — Co — CI 


1 OA A 


r^^' r^/;' r^T 
CD — CO — C / 


il /.J (4; 


/^/C' /^T 

C 1 — Co — C / 


loo T ^ A\ 

ill. 1 (4) 


C8'— C7'— C6' 


126.8 (5) 


C8'— C7'— H7' 


116.6 


C6'— C7'— H7' 


116.6 


C7'— C8'— C9' 


124.1 (5) 


C7'— C8'— H8' 


117.9 


C9'— C8'— H8' 


117.9 
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Ul — CV — ClU 


1 1 O 1 /'A\ 

iio. i (4) 


{ \ 1 1 /^n' 1 A' 

Ui — cy — CiU 


1 TA A fA\ 

izU.4 (4) 


/~\^ /~^ci /~^o 

u 1 — cy — Co 


1 1 T £1 /C\ 
ii /.O {j) 


u i — cy — Co 


11/10 A\ 

i i4.o (4) 


clu — cy — Co 


11/1 "5 

iz4.i p J 


CiU — cy — Co 


1 O/l O { A\ 

iz4.o (4) 


/^A 1 A 1 1 

cy — ciu — cii 


111 iC /'A\ 

izi.o (4J 


cy — CiU — Cii 


1 OA O /1\ 

izU.z (i J 


cy — c 1 u — c 1 4 


iiU.4 (4j 


cy — CiU — ci4 


1 T 1 O 

iii.o (i) 


CI 1 — CIU — C14 


1 AO A 


Cii — CiU — Ci4 


1 AO A 

iUo.U 


Uz — Cii — Ciz 


izD./ (4J 


Uz — Cii — Ciz 


iz4. / (i) 


yJZ — C i i — C i U 


izo.z [h) 


MO* 1 • A* 

Uz — C i i — C i U 


111 .5 \5) 


i^lO i^ll i^lA 

Ciz — Cii — CiU 


1 AO A 

iUo.U 


i^lT i^ll' /^1A' 

Ciz — Cii — CiU 


1 AO A 

iUo.U 


Uj — C i z — C i 3 


izZ.i (ij 


Ui — Ciz — Ci i 


1 Q 1 A /"TA 

i i i .U (i j 


U J — C i z — C i i 


1 OA T 

izy. / (i) 


Ui — Ciz — Cii 


1 O 1 f\ /1\ 

izi.U (i) 


/^ii /^lo 

Cii — Ciz — Cii 


1 AO A 

iUo.U 


(^iT r^ii' 
Cii — C i Z — C i 3 


1 AO A 

iUo.U 


U4 — C i 3 — C i z 


1 1 A 1 /I \ 

iiU.i (i) 


U4 — C i 3 — C i 4 


1 1 A 1 i1\ 

iiy.3 (3) 


(J4 — C i J — C i 4 


izi.y (i) 


U4 — C i i — Ciz 


iiz. / (i) 


Ciz — Cii — Ci4 


1 AO A 

iUo.U 


Ci4 — Cii — Ciz 


1 AO A 

iUo.U 


O J — C i 4 — C i 3 


ITT /I f A\ 
VllA (4) 


Uj — Ci4 — Cii 


1 T3 O /"3\ 

izi.o (i) 


(Jj — C i 4 — C i U 


1 T A £. i A\ 

izy.o (4J 


Uj — Ci4 — CiU 


1 OO O 

izo.z {5} 


Cii — Ci4 — CiU 


1 AO A 


/^llt /^lylt /^lAt 

Cii — Ci4 — CiU 


1 AO A 

iUo.U 


Ui — C i J — xi i J A 


1 AA C 


Ui — Cij — xii jU 


1 AA C 

iuy.j 


Ui — C i J — rl i jB 


1 AA Z 


Ui — Cij — hli jb 


1 AA Z 

iuy.j 


rii jA — Ci J — rii JD 


1 AA Z 


xii jjj — Cij — xii jb 


1 AA Z 

iuy.j 


Ui — Cij — xiijC 


1 AA C 


XJI zm 

Ui — Cij — xiijr 


1 AA Z 

iuy.j 


Hi J A — Cij — MijC 


1 AA C 


XJl CT~\ /^l XJl CX7 

xii jL) — CI J — xii jr 


1 AA Z 

iuy.j 


hli jr> — Cij — hli jC 


1 AA C 


XJ1CX? 1 C XJ1CX? 

hli jb — Cij — hli jh 


1 AA C 

iuy.j 


\JH V. i U 1 1 i \jr\. 




Wt V. i U 1 1 i KjlJ 


1 OQ S 

i v". J 


04 — C16 — H16B 


109.5 


04' — C16' — H16E 


109.5 


H 1 6 A — C 1 6 — H 1 6B 


109.5 


H 1 6D — C 1 6' — H 1 6E 


109.5 


04 — CI 6 — H16C 


109.5 


04' — C16' — H16F 


109.5 


H16A — C16 — H16C 


109.5 


H 1 6D — C 1 6' — H 1 6F 


109.5 


H16B — C16 — H16C 


109.5 


H16E — C16' — ^H16F 


109.5 


/^/: /^o C^l 


u.u 


^"2* 

Co — C i — Cz — C J 


A A 

U.U 


r^'^ r^i r^A 
C 1 — C/ — — C4 


A A 

u.u 


/"'I' /"'T r^i* A^ 
C i — Cz — Ci — C4 


A A 
U.U 


/"'C 

Cz — — C4 — CD 


A A 
U.U 


f^A^ /"'C 

Cz — Ci — C4 — CD 


A A 
U.U 


r^A r^c r^a 
Ci — C4 — CD — Co 


A A 
U.U 


/"^n r^a^ 
Ci — C4 — CD — Co 


A A 
U.U 


f^A f^z r^^. 1 
C4 — C J — Co — C 1 


A A 
U.U 


C4 — CD — Co — C i 


A A 
U.U 


r^A r^z f^i^ f^n 
C4 — CD — Co — C / 


1 TA A ^ Z\ 

— i /y.u (p) 


r^A' /^c 

C4 — CD — Co — C / 


— i /y.y pj 


f^i^ f^z 
Cz — CI — Co — CD 


A A 
U.U 


Cz — C i — Co — CD 


A A 
U.U 


r^/i r^n 
Cz — Ci — Co — C / 


1 no A 
i /o.y (D) 


r^a^ r^n^ 
Cz — C i — Co — C / 


1 nCi A 

i /y.y (Dj 


r^a r^n /^o 
CD — Co — C / — Co 


— i IV. I (0) 


r^z^ r^ry f^n^ /^o' 

CD — Co — C / — Co 


— i /o.D (oj 


/"'I r^c r^n t^o 
Ci — Co — C / — Co 


1 A *"7\ 

1.9 (7) 


/"111 r^c} /^T /^o' 
C i — Co — C / — Co 


1.6 (7) 


/^iC /~*o f~*c\ 

Co — C / — Co — Cy 


1 'TA O /Z\ 

i /y.o (jj 


/^iCt /^T /^ot r^m 

Co — c / — Co — cy 


1 ^A O 

— i /y.z (p) 


r^n r^Q r^Q 

c / — Co — cy — u i 


A 1 /"O^ 

-0.1 (9) 


r^n\ r^Qt /^Qt 

c / — Co — cy — u i 


U.7 (y) 


t^O /"'I A 

c / — Co — cy — c i u 


1 TA T /CA 
-i /y./ (D) 


c/ — Co — cy — CiU 


— i /y.i (Oj 


Ol — C9 — CIO — Cll 


-0.4 (5) 


1 ' A' 1 A' 1 1 ' 

Ol — cy — CIU — Cll 


A 1 / Z\ 

0.1 (5) 


C8— C9— CIO— Cll 


178.7 (5) 


C8'— C9'— CIO'— cir 


-179.9 (5) 


01— C9— CIO— C14 


178.4 (3) 


or— C9'— CIO'— C14' 


-178.5 (3) 


C8— C9— CIO— C14 


-2.5 (7) 


C8'— C9'— CIO'— C14' 


1.5 (7) 


C9— CIO— Cll— 02 


0.4(5) 


C9'— CIO'— Cir— 02' 


0.2 (5) 


C14— CIO— Cll— 02 


-178.6 (5) 


C14'— CIO'— Cir— 02' 


179.2 (4) 
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C9— CIO— Cll— C12 179.0(4) 

C14— CIO— Cll— C12 0.0 

C15— 03— C12— C13 -176.5 (6) 

C15— 03— C12— Cll 5.5 (8) 

02— Cll— C12— 03 -3.2(5) 

CIO— Cll— C12— 03 178.2(5) 

02— Cll— C12— C13 178.7 (5) 
CIO— Cll— C12— C13 0.0 
C16— 04— C13— C12 -2.2(7) 
C16— 04— C13— C14 178.9 (6) 

03— C12— C13— 04 2.6(5) 
Cll— C12— C13— 04 -179.0(4) 

03— C12— C13— C14 -178.4(4) 
Cll— C12— C13— C14 0.0 

04— C13— C14— 05 -0.4(4) 
C12— C13— C14— 05 -179.5 (4) 
04— C13— C14— CIO 179.1 (4) 
C12— C13— C14— CIO 0.0 
C9— CIO— C14— 05 0.5 (5) 
Cll— CIO— C14— 05 179.5 (4) 
C9— CIO— C14— C13 -178.9 (4) 
Cll— CIO— C14— C13 0.0 

Hydrogen-bond geometry (A, °) 

D—n-A D— H 
01— Hl-02 0.84 
or— Hl'-02' 0.84 
C2— H2-02' 0.95 
C16'— H16D-01'" 0.98 



Symmetry codes: (i) x,y+\,z; (ii) x,y-\,z. 



C9'— CIO'— Cll'— C12' -178.9(4) 

C14'— CIO'— Cll'— C12' 0.0 

C15'— 03'— C12'— Cll' -10.5(7) 

C15'— 03'— C12'— C13' 168.5 (5) 

02'— Cll'— C12'— 03' -0.1 (5) 

CIO'— Cll'— C12'— 03' 179.1 (5) 

02'— Cll'— C12'— C13' -179.2 (4) 

CIO'— Cll'— C12'— C13' 0.0 

C16'— 04'— C13'— C14' 177.9(7) 

C16'— 04'— C13'— C12' -2.3 (8) 

03'— C12'— C13'— 04' 1.0(5) 

Cll'— CI 2'— CI 3'— 04' -179.8(5) 

03'— C12'— C13'— C14' -179.2(4) 

Cll'— C12'— C13'— C14' 0.0 

04'— C13'— C14'— 05' -0.9(5) 

C12'— C13'— C14'— 05' 179.3 (4) 

04'— CI 3'— CI 4'— CIO' 179.8 (4) 

C12'— C13'— C14'— CIO' 0.0 

C9'— CIO'— C14'— 05' -0.5 (6) 

Cll'— CIO'— C14'— 05' -179.3 (4) 

C9'— CIO'— C14'— C13' 178.8 (4) 

Cll'— CIO'— C14'— C13' 0.0 

n-A D-A D—n-A 

1.93 2.600 (5) 136 

1.97 2.623 (4) 134 

2.26 3.091 (8) 145 

2.05 2.885 (11) 142 
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